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While children’s temporary tattoos have been produced since the 20th century, there are 
few scientific studies that have evaluated their physical and chemical characteristics. Therefore, 
this thesis is a preliminary study done to evaluate the composition of children’s temporary tattoos 
and consider the importance of such traces in a forensic content.  
Colored regions in children’s temporary tattoos, such as red, pink, yellow and orange, 
were found to fluoresce with the use of an alternative light source while the use of microscopy 
led to the identification of different printing patterns between temporary tattoos. However, 
limitations in the ability to determine the composition of the children’s temporary tattoos using 
ultraviolet-visible (UV-Vis) spectroscopy and infrared (IR) spectroscopy methods were 
encountered due to the instability of the dyes in solvents for extraction when exposed for long 
periods of time and the presence of the colorless adhesive.  
 As a preliminary study, it lays the groundwork for subsequent studies to further evaluate 




















































Tattooing has been used as an art form by different cultures worldwide for more than 
5,000 years (Jain, Lee & Jin, 2007). It is a form of social identification (based on religious 
beliefs, groups/organizations) and artistic expression. Historically, tattooing was a process which 
consisted of cutting or wounding the skin by simply scratching it or using sharp tools made from 
objects such as bones and exposing the wound to pigments or soot resulting in a tattoo; a design 
that remains in the skin after the tattooing process (Byard, 2013; Levy, Sewell & Goldstein, 
1979; Miranda, 2015). Today, an electrical machine with needles, invented by Samuel O’Reilly 
in 1891, is most often used to introduce ink into the layers of the skin (“History of the tattoo 
machine: How Thomas Edison, Samuel O'Reilly & Percy Waters led the way,” 2010; Miranda, 
2015).  
Tattoos have been previously used as a visual method to identify people when “primary 
biometric traits,” such as fingerprints and teeth, are unavailable, damaged or compromised 
(Clarkson & Birch, 2013; Jain et al., 2007, para. 2). Two historical events in which tattoos were 
helpful for identification purposes include the attack in New York City on September 11 and the 
Asian tsunami in 2004 (Jain et al., 2007; Clarkson & Birch, 2013). Even though a tattoo alone is 
only a single identifying trait, the tattoo itself, depending on its design, can potentially guide an 
investigation as in the case of a dead woman who was found inside a bag at the beach in 
Mumbai, India (Jain et al., 2007; Rizvi, 2017). The woman’s body was able to be identified by 
the peculiar tattoo of a fairy she had on her upper back, which was described as Tinkerbell with 
her hands wrapped around her knees and her head down (Rizvi, 2017) (Figure 1). 
 
 






The use of tattoos is mainly restricted to the identification of adults because in the United 
States there are laws on body art regarding permanent tattoos on minors; “[a]t least 45 states 
have laws prohibiting minors from getting tattoos [and] [t]hirty-eight states have laws that 
prohibit . . . tattooing on minors without parental permission” (Tattooing and body piercing | 
state laws, statutes and regulations, 2018). More specifically, in New York, “[i]t is unlawful to 
tattoo the body of a child less than 18 years old” (Tattooing and body piercing | state laws, 
statutes and regulations, 2018). 
As a result, the use and production of children’s temporary tattoos has increased in recent 
years as “children are growing up in a cultural landscape that is more tattoo-friendly and tattoo-
flooded than at any other time in history” (Kosut, 2006, p. 1036). Although children’s temporary 
tattoos are advertised as safe, a little girl had to be rushed to the emergency room after applying a 
temporary tattoo she had found in the bathroom of her elementary school as it had been 
reportedly laced with LSD (“Temporary tattoos laced with LSD found in Indiana elementary 
school,” 2016). Even though the temporary tattoo appears to have been tampered with, the case 
highlights the importance of knowing the composition and understanding the chemistry of 
children’s temporary tattoos since it can lead to its increased use as a reliable tool in forensic 
investigations. 
In a more recent case in 2018, a woman with a developmental disability was reported 
missing in Marion Country, Oregon. Along with the woman’s physical traits being described, the 
report also specified that she had a “temporary butterfly tattoo on her left hand” as an additional 
preliminary characteristic for identification (KATU News, 2018, para. 4). Hence, recognizing 
and identifying the origin of temporary tattoos can aid in cases such as that of a missing child or 
the discovery of human remains; the same way permanent tattoos have been previously used in 
identifying people and/or bodies.  
It is unclear as to when or how children’s temporary tattoos were introduced into the 
market, but it is thought to have been first used as prizes in Fruit Stripe® bubble gum or Cracker 
Jack® snacks (“The history of temporary tattoos,” n.d.; “Temporary tattoos,” 1995). Today, 
temporary tattoos can be purchased at supermarkets, toy shops, amusement parks or online, 
making them easily accessible (Rastogi & Johansen, 2005).  
The earliest patented temporary tattoo found was traced back to 1927 invented by 
Thomas S. Reese (Reese, 1927, United States Patent No. 1,627,407). Based on the patented 
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temporary tattoos and adhesives used in temporary tattoos, interest in temporary tattoos 
increased around the mid-1980s (Table 1). Keith E. Relyea is credited with developing and 
patenting the first translucent adhesive on which temporary tattoo designs could be printed 
(Relyea, 1986, United States Patent No. 4,594,276). To make temporary tattoos more appealing 
to children, scented and edible transferable tattoos were later introduced (Morgan & Schaffstein, 
2003, Patent No. US 2003/0215593 A1; Stanislav, 1998, Patent No. 5,817,385). Additional 
noteworthy patents include temporary tattoos that cover up skin conditions that people may have 
functioning as a type of concealer, hence, allowing them to feel more confident in their own skin 
(Muratore-Pallatino & Hasley, 2002, Patent No. US 2002/0110672 A1). The second design 
benefits surgeons by indicating the site and type of operation a patient needs to undergo by name 
(Goolishian, 2012, Patent No. US 2012/0037291 A1).             
 
Table 1. Patents of transferable temporary tattoos and adhesives used in transferable temporary 
tattoos. 
Year U.S. Patent No. Inventor Title 
2012 US 2012/0037291 A1 Wade T. Goolishian Temporary Tattoos For Indelible 
Endorsement 
2011 US 7,927,680 B2 Douglas Marshall Temporary Facial Decal 
2006 US 2006/0154031 A1 Brian Andrew 
Tomlinson 
Waterless Tattoo  
2003 US 2003/0215593 A1 Jeanie Morgan, John 
Schaffstein 
Edible Temporary Tattoos 
2002 US 2002/0110672 A1 Joanne Muratore-
Pallatino, Maryanne 
Muratore Hasley 
Cosmetic Skin Tattoo 
2001 US 6,299,967 B1 Mike Collins, Steven 
J. Sargeant, David 
Atherton 
Ink jet recording media for use in 
making temporary tattoos and 
processes thereof 
2001 US 6,264,786 B1 John Cromett User-Created Temporary Tattoos 
2000 6,074,721 George Moore, 
Joyce Bordelon 
Temporary Tattoo Decals 
1999 5,958,560 Frederick R. Ewan Temporary Tatoo And Method For 
Manufacturing Same 
1998 5,817,385 Lorri A. Stanislav Scented Transferable Tattoo 
1997 5,601,859 Joanne Penaluna Chewing Gum Individually Wrapped 




1996 5,578,353 James H. Drew Tattoo Admission Ticket  
1986 4,594,276 Keith E. Relyea Printed, Removable Body Tattoos On 
A Translucent Substrate 
1982 4,337,289 Kenneth J. Reed, 
Alan L. Lythgoe  
Water Release Transfer  
1979 4,169,169 Terumiti Kitabatake Transfer Process And Transfer Sheet 
For Use Therein 
1936 2,046,924 O. W. Pendergast Adhesive Article And Method Of 
Manufacturing An Adhesive 
1927 1,627,407 Thomas S. Reese Transfer Print And Method Of Making 
The Same 
 
 Temporary tattoos are made through a screen-printing process. For instance, the patent, 
Temporary Tattoo Decals, invented by Moore and Bordelon (2000, Patent No. 6,074,721), 
consists of a porous base paper, a water-soluble slip layer, followed by a multicolor ink image, a 
clear spot coating that only covers the image, a contact adhesive that prints over the image (and 
is applied directly to the skin) and a removable cover sheet (Figure 2). The clear spot covering 
“prevents the contact adhesive from migrating to the surface of the decal after the finished 
temporary tattoo is applied to the skin” (Moore & Bordelon, 2000, Patent No. 6,074,721, 
“Summary of the invention”). If the spot coating layer were a sheet instead of a spot printing, 
“the spot coating would be visible in areas surrounding the temporary tattoo design, outside the 
image area, after the decal is applied to the skin” (Moore & Bordelon, 2000, Patent No. 
6,074,721, 2000, “Detailed description of the invention”).   
 
 




There are also temporary tattoos that are made through a screen-printing process that 
consists of a backing paper, a silicone release coating which facilitates its transfer from the 
backing paper to the skin, and a transfer film, the layer on which the image is printed 
(“Temporary tattoo,” 2018) (Figure 3). Temporary tattoos can be easily transferred to the skin 
using warm water and be washed or worn off within a short period of time ranging from a few 
days to a few weeks (Rastogi & Johansen, 2005).  
 
 
Figure 3. Schematic of temporary tattoo. From Temporary tattoo. (2018). Retrieved from 
http://www.madehow.com/Volume-4/Temporary-Tattoo.html  
 
Due to limited studies that investigate children’s temporary tattoos, the purpose of this 
research was to gain more knowledge on children’s temporary tattoos by performing a 
qualitative study that consists of three objectives. The first was to determine the composition of 
the children’s temporary tattoos. The second involved evaluating whether the dyes listed on the 
packaging are those actually found in temporary tattoos themselves. The third was to determine 
if the color additives found by Rastogi and Johansen in 2005 (the first to study temporary tattoo 










Chapter 1: Dyes vs. Pigments 
Colorants can be divided into dyes and pigments; dyes being water-soluble while 
pigments are not. However, “depending on the formulation of synthetic dyes, they may be used 
in the form of insoluble lakes” as in the case of children’s temporary tattoos (Pérez-Ibarbia, 
Majdanski, Schubert, Schubert & Windhab, 2016, p. 266). It is important to note that although 
dyes “exhibit their color by being dissolved in a solvent . . . the presence of other agents like 
oxidizing and reducing agents, strong acids and alkalis, excessive heating, and light exposure, 
dyes may lose their original color” (Pérez-Ibarbia et al., 2016, p. 266). Dyes can be grouped into 
six categories: azo, carotenoid, indigoid, quinophtalone, triarylmethane and xanthene (Pérez-
Ibarbia et al., 2016) (Table 2).  
 
Table 2. Dye classifications as reported in Pérez-Ibarbia et al. (2016).  
Dye type Example Structure 
Azo Tartrazine 


















































Chapter 2: Literature Review 
Rastogi and Johansen (2005) published the first study that analyzed the composition of 
temporary tattoos. More specifically, the authors investigated the compliance between the 
colorants in 36 transferable picture tattoos (temporary tattoos) and those listed in the Cosmetic 
Directive as well as if the colorants found caused any allergic reactions. A high-performance 
liquid chromatography (HPLC) solvent, containing citric acid, tetrabutylammonium hydroxide 
and acetonitrile/tetrahydrofuran in a 75:12.5:12.5 ratio, was used to extract colorants from the 
samples. Retention times and ultraviolet-visible (UV-Vis) spectra of HPLC peaks from each 
sample extract were then compared to those of the reference colorants. Some of the colorants 
identified in the temporary tattoos are listed in Table 3. Rastogi & Johansen (2005) reported that 
the extractions of the blue, violet and green colors were unsuccessful. They further added that 
black was another color that could not be extracted. In a second attempt to extract the color 
black, acetonitrile and tetrahydrofuran was used in a 1:1 ratio, but its extraction remained 
ineffective. Although the reason behind poor extractions was not further explained, it could have 
been due to incompatibility between pigments and solvents, or inability to separate colorants 
with similar molecular structures.  
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Table 3. Colorants found in temporary tattoos by Rastogi & Johansen (2005). 
Colour Index 
No. 
Color Name Chemical structure 
CI 11920 Solvent Orange 1; food orange 3 
 
CI 13015 Acid Yellow 9; food yellow 2 
 




CI 15525 Pigment Red 68 
 
CI 15850 Pigment Red 57, 57:1, 57:2 
h 




CI 42170 Acid Green 22 
 
CI 45100 Acid Red 52 
 




CI 74180 Direct Blue 86 
 




Although dyes in temporary tattoos have not been further studied, the extraction of dyes 
in other materials have been researched. For instance, Groves, C. Palenik and S. Palenik (2016) 
published a study in which pyridine:water (4:3) was evaluated in its ability to extract dyes from 
“195 fiber samples . . . (a population which spans nearly every major class of fiber and dye 
application class)” since dyes that have been isolated can be more easily identified using 
methods such as infrared (IR) spectroscopy (p. 144). From the extractions, the authors concluded 
that the dyes from about 82% of the samples were successfully extracted. Even though this study 
involved dyes found in fibers, the solvent could be used to extract dyes from children’s 
temporary tattoos.  
Furthermore, dyestuffs have also been analyzed. In 2010, Ma et al. conducted a study in 
which carcinogenic and allergenic dyestuffs were looked for among 25 toys of a wide variety of 
materials (e.g., textiles, balloons, crayons, temporary tattoos) using LC coupled with UV-Vis 
spectroscopy and mass spectrometer. The authors reported that none of the preselected dyestuffs 
for toys were found. Although the results favor the use of these toys, the actual composition of 
various children temporary tattoos from different manufacturers have not been scientifically 
studied in depth. 
 In 2008, a qualitative and quantitative study using HPLC with UV diode array detection 
(DAD) was done by Alves, Brum, Branco de Andrade and Netto to determine the presence and 
concentration of selected food dyes (i.e., Sunset Yellow, Tartrazine, Amaranth, Brilliant Blue 
and Red-40) in solid juice and jelly powders as well as in soft drinks of different brands and 
flavors. Dyes were identified based on their retention times and absorption spectra (Alves, Brum, 
Branco de Andrade & Netto, 2008, p. 491). That same year, a similar study was done using 
reversed-phase HPLC with a photodiode array to qualitatively and quantitatively determine food 
colors in drinks and candies (Yoshioka & Ichihashi, 2008), some of which are consistent with 
colorants found by Rastogi and Johansen (2005).  
In another study, Batada and Jacobson (2016) determined that food colorants, Red 40 
(Allura Red), Blue 1 (Brilliant Blue), Yellow 5 (Tartrazine) and Yellow 6 (Sunset Yellow), make 
up about 90% of the 350 products that contain artificial food colorants from the 810 products 
marketed to children in a grocery store they selected (Batada & Jacobson, 2016). The four major 
food colorants identified by Batada and Jacobson are also present in the package label of the 
temporary tattoos studied in this research. Allura Red, Tartrazine and Sunset Yellow are 
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classified as azo dyes while Brilliant Blue is classified as a triarylmethane dye (Feketea & 
Tsabouri, 2017). 
Studies on pigments used in cosmetics can also provide insight into the composition of 
temporary tattoos as “[b]y law, all color additives used in cosmetics must be approved by the 
FDA for their intended uses,” including temporary tattoos, and declared on the packaging label 
(“Temporary tattoos, henna/mehndi, and “black henna”: Fact sheet,” n.d.).  
Rastogi, along with Barwick and Carter, (1997) published a study in which an HPLC-
DAD method was developed to analyze organic colorants in 139 cosmetic products. Colorants 
were extracted using solid-phase extraction (except for liquid cosmetics) and then analyzed by 
HPLC. To identify the colorants, retention times and UV-Vis spectra were compared to a 
spectral library built using 130 reference colorants (Rastogi, Barwick & Carter, 1997). 30 
organic colorants were identified including Pigment Red 57 and Acid Yellow 9, two of which 
were also found in 2005 by Rastogi and Johansen. 
In 2014, Miranda-Bermudez, Harp and Barrows developed an LC method to identify 29 
color additives in cosmetic products. According to the authors, the FDA’s district laboratories 
currently use visible spectrophotometry to identify color additives and TLC as a confirmatory 
method (Miranda-Bermudez, Harp & Barrows, 2014). However, these methods require large 
amounts of solvent, are time consuming and can only be used on certain cosmetic products 
(Miranda-Bermudez et al., 2014). Using liquid-liquid extractions, the authors extracted color 
additives from cosmetic products, separated and identified them using LC with a photodiode 
array detector. A total of 24 color additives were declared on the labels of all the cosmetic 
products; however, 41 color additives were found by both the LC and TLC method, 
demonstrating that compliance does not always exist between a product’s actual contents and its 
label (Miranda-Bermudez et al., 2014).  
There are a limited number of studies that have investigated children’s temporary tattoos, 
although dyes present in them have been studied and found in other products such as cosmetics 
and foodstuff (Miranda, 2012; Miranda, 2015; Rastogi & Johansen, 2005). Some dyes found in 
the studies were not only found by Rastogi and Johansen, but were also found in the ingredients 





Chapter 3: Fluorescence Theory 
 Atoms have unpaired and paired electrons occupying an orbital. Paired electrons spin in 
opposite directions. This prevents attraction or repelling between electrons when exposed to 
magnetic fields. The opposite is true for unpaired electrons (Skoog et al., 2007).  
A molecular electronic state in which all electron spins are paired is called a singlet state.  
. . The ground state for a free radical, on the other hand, is a doublet state because there 
are two possible orientations for the odd electron in a magnetic field. (Skoog et al., 2007, 
p. 400) 
 When an electron absorbs energy, it goes to a higher energy level and the molecule 
becomes excited. If the promoted electron was a paired electron, the molecule would be in an 
excited singlet state since “the spin of the promoted electron [remains] paired with the ground-
state electron” (Skoog et al., 2007, p. 400). If the electron promoted to a higher energy level was 
an unpaired electron, the molecule would be in an excited triplet state; “the spin of the promoted 
electron is parallel to the electron in the ground state” (Skoog et al., 2007, p. 400). 
When an electron absorbs energy, it goes to a higher energy level and the molecule 
becomes excited. A molecule in an excited state can return to ground state by fluorescence with 
the emission of a photon. There are also radiationless processes such as internal conversion, 
vibrational relaxation, external conversion and intersystem crossing that can occur. The route 
that minimizes the life-time of the molecule in the excited state is favored (Skoog et al., 2007).  
“Thus, if deactivation by the fluorescence is rapid with respect to the radiationless processes, 
such emission is observed. On the other hand, if the radiationless path has a more favorable rate 
constant, fluorescence is either absent or less intense” (Skoog et al., 2007, p. 402). This is 





Figure 4. Jablonski diagraph depicting electronic transitions. Retrieved from 
https://www.azooptics.com/Article.aspx?ArticleID=1326 
  
 Fluorescence can be used for qualitative as well as quantitative analysis. The ability of a 
sample to fluoresce is a characteristic property that can be easily determined through 
illumination of the sample at various excitation wavelengths and the use of barrier filters for 
better contrast. For the purpose of this research, a sample’s ability to fluoresce and strength of 

















Chapter 4: Theory of Ultraviolet-Visible Spectroscopy 
Ultraviolet-visible (UV-Vis) spectroscopy is a non-destructive, molecular absorption 
technique used to determine chromophores present within a molecular compound. When bonding 
electrons absorb ultraviolet or visible radiation, “absorption peaks or bands are observed at 
certain wavelengths which can be associated with different types of bonds present in the 
molecule” (Miranda, 2015, p. 203). Nonbonding (n) electrons as well as bonding electrons, 𝜎 
(single) and 𝜋 (double) bonds, contribute to the absorption of radiation by organic molecules. 
When radiation is absorbed by electrons, electronic transitions to higher energy levels, 𝜎, 𝜋, 𝑛,
𝜎 ∗, 𝜋 ∗ , occur if the energy “requirements” for those molecular orbitals are met (Miranda, 
2015). 
Most applications of absorption spectroscopy to organic compounds are based on  
transitions for 𝑛 or 𝜋 electrons to the 𝜋* excited state because the energies required for  
these processes bring the absorption bands into the ultraviolet-visible region (200 to  
700nm). Both 𝑛 𝜋* and 𝜋  𝜋* transitions require the presence of an unsaturated  
functional group to provide the 𝜋 orbitals. Molecules containing such functional groups  
and capable of absorbing ultraviolet-visible radiation are called chromophores. (Skoog et  
al., 2007, p. 369)  
Chromophores are functional groups with “electronic configurations that give rise to the colors 
observed” on a certain substance (Kubic, Petraco, & Miranda, 2012, p. 1). Chromophores can be 
divided into “chromogens (color-generating groups) like -N=O, -NO2, -N=N-, -CH=CH-
CH=CH-, etc., and auxochromes (color-augmenting groups), mostly salt-forming combinations 
like -OH, -NH2, -OR and others” (Juster, 1962, p. 597). As a result, specific absorption bands 
due to chromophores present contribute to characteristic spectra obtained.  
The wavelengths at which peaks appear and their intensities, which can be influenced by 
the structure of the molecule and the solvent used, can only guide an analyst to the identification 
of a molecule. For instance, “conjugation of chromophores, aromatic systems, functional group 
substitutions, auxochromes and inorganic species” can lead to shifts in wavelengths and changes 
in peak intensities (Miranda, 2015, p. 204). However, a UV-Vis spectrum can only be obtained if 
the sample is able to dissolve in a solvent; some of the most commonly used solvents include 
water, acetone, methanol, cyclohexane and dilute or concentrated basic or acidic solvents (e.g., 
sulfuric acid or sodium hydroxide) (Miranda, 2015). It is important to note that the pH level of 
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the solvent used can influence the chemical configuration of the molecule through accepting or 
donating a hydrogen leading to hypsochromic (blue) or bathochromic (red) shifts in the spectra 
obtained (Skoog et al., 2007).  
UV-Vis spectroscopy is a good qualitative technique for identifying and possibly 
classifying molecules. Radiation from a light source is split into beams of light of single 
wavelengths by a filter or monochromator (Figure 5). Selected monochromatic light is then 
allowed to pass through the sample in a cuvette, and to the detector (Figure 5). Because the 
beam going through the sample is attenuated, an absorption band will appear in the spectrum at 
the wavelength the radiation was absorbed. The color of light complementary to the light 
absorbed will be the color of the dye present (Figure 6). The decrease in intensity of light is 
measured against a reference which is usually the solvent in which the dye was dissolved. 
Spectra obtained consists of an electromagnetic radiation plot with wavelengths between 200 and 
700 cm-1 on the x-axis and %Transmittance or Absorbance on the y-axis.  
 
 
Figure 5. Ultraviolet-visible spectrometer diagram showing the showing the path of light from 






Figure 6. Color wheel. Retrieved from http://sustainable-nano.com/2015/07/07/fruit-colors/ 
 
 
Figure 7. A Shimadzu UV-2600 UV-VIS Spectrophotometer equipped with a single 
















Chapter 5: Theory of Infrared Spectroscopy 
 Infrared (IR) spectroscopy provides information on the molecular structure of a 
compound. When a molecule undergoes a change in dipole moment as a result of molecular 
vibration or rotation, IR radiation can be absorbed. “The magnitude of the [dipole] moment is 
determined by the distance between the centers of charge of the atoms and the charge difference 
between the atoms” (Miranda, 2003, p. 4). The transferred energy changes “the amplitude of the 
molecular vibration or rate of rotation [and] occurs because there is an electronic transition from 
one vibrational or rotational energy level up to another” (Miranda, 2015, p. 207). Molecules that 
undergo a change in dipole moment are IR active, while those that do not are IR inactive. On the 
other hand, radiation that is not absorbed is transmitted.   
 There are two types of molecular vibrations that can occur within a molecule: stretching 
(e.g., symmetric and asymmetric) which “involves a continuous change in the interatomic 
distance along the axis of the bond between two atoms,” and bending (e.g., rocking, scissoring, 
wagging and twisting) which involves a “change in the angle between two bonds” (Skoog et al., 
2007, p. 432-433). Absorption peaks unique to the sample are obtained based on the vibrational 
as well as rotational interactions that occur with the absorption of IR radiation (Miranda, 2003). 
  IR spectra consist of absorption peaks plotted where wavenumbers (cm-1) are on the x-
axis and absorbance, absorbance or % transmittance on the y-axis. Based on the IR radiation 
absorbed, absorption bands will be seen in an IR absorption spectrum that can be divided into 
two sections: the functional group region (4000-1300 cm-1) and the fingerprint region (1300-400 
cm-1), both comprising the mid-IR region. 
 Fourier transform-infrared (FT-IR) instruments are common IR spectrometers. FT-IR 
spectrometers consist of an interferometer where the incident IR radiation travels through a 
beamsplitter generating two beams (Figure 8). The reference beam travels to a fixed mirror 
while the other beam travels to a movable mirror moving at constant speed (Miranda, 2003). 
When the two beams meet at the beamsplitters, there is a change in intensity of the recombined 
beam due to differences in the pathlength traveled by the two beams known as the optical path 
difference (Miranda, 2003). “As the optical path difference changes as the moving mirror moves, 
the energies of the infrared wavelengths also change. An interferogram results, which is the plot 
of the infrared energy (or detector signal) versus the optical path difference” (Miranda, 2003, p. 
7). The interferogram is then sent to a computer where Fourier transform, a mathematical 
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algorithm, is applied to convert the interferogram into a spectrum that can be “read” and 
understood by the analyst.  
 
 




FT-IR spectroscopy is a non-destructive technique with a high resolving power, accuracy, 
and reproducible frequency. Most importantly, “all the wavelengths of the source reach the 
detector at the same time [allowing for] an entire spectrum to be obtained in seconds” (Miranda, 
2015, p. 207). There is also a larger amount of energy throughput reaching the detector 
contributing to an improved signal-to-noise and multiplex advantage, meaning “the 
interferometer does not separate energy into individual frequencies for measurement [and] [e]ach 
point on the interferogram contains information from each wavelength of light being measure” 












Chapter 6: Infrared Microspectroscopy 
 IR microspectroscopy is a combination of infrared spectroscopy and microscopy. It is a 
technique used to analyze and obtain infrared absorption spectra of specific areas of interest 
within the sample, evaluate the sample’s microscopic characteristics such as its optical properties 
(if the infrared spectrometer is incorporated to a polarized light microscopy), and most 
importantly, it is beneficial when sample size is limited (Miranda, 2003).  
 The IlluminatIR II™ instrument can be used as an IR microspectrometer (Figure 9). It 
has the ability for transmission spectroscopy, internal reflection spectroscopy (through attenuated 
total reflection or ATR) and external spectroscopy (through Reflection-Absorption or R-A)) 







Figure 9. An IlluminatIR II™ set to the infrared microscope accessory. With rotation of the nose 
piece, the 15X ARO objective could be set in position for Reflection-absorption microscopy or 




Part 1: Attenuated Total Reflection 
 Depending on the sample preparation method used, an IR reflection method can be 
employed with the use of an FT-IR instrument or a microscope along with an attenuated total 
reflection accessory. After placing the sample in a spectrophotometer or a microscope slide, 
reflection occurs as IR radiation passes from a media with a high refraction index, or internal 
reflection element (IRE), and a media with a low refraction index. However, for there to be total 
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internal reflection, the radiation’s angle of incidence must be greater than that of the critical 
angle. When the electric field of IR radiation penetrates into the sample, it is known as the 
evanescent wave. The depth of penetration depends on the wavelength of the incident radiation, 
the radiation’s angle of incidence and the refractive indices of both media. When the sample 
absorbs the evanescent wave’s frequency, the “reflected radiation will be attenuated at the 
wavelengths corresponding to the sample’s absorption bands;” this is known as attenuated total 
reflectance (ATR) (Miranda, 2003, p. 11).  
The sampling depth, or distance from the sample-crystal interface where the evanescent 
wave decays, is 0.5 to 3.5𝜇m for the IRE. Therefore, the sample thickness should be at 
least as thick [ensuring] the sample surface is being analyzed [without analyzing] any 
materials that may be beneath the sample. (Miranda, 2003, p. 12) 
No special sample preparation is required when using this method, but to obtain an ATR 
spectrum, the sample must come into intimate contact with the IRE. Today, a diamond is the 
most commonly used and preferred IRE due to its “chemical inertness[,] . . . durability,” and 
high refractive index of 2.4 (Miranda, 2003, p. 12).  
ATR “works well with homogeneous, strong absorbing samples[,] thick samples and a 
variety of samples that may normally produce intense, saturated peaks difficult to interpret when 
measured in transmission mode” (Miranda, 2015, p. 208). Peak locations for both ATR and 
transmission spectra are relatively the same except for differences in their intensities. Compared 
to FT-IR absorbance spectra, ATR spectra are not dependent on the thickness of the sample 





Figure 10. A Thermo Scientific™ Nicolet™ iS™10 FT-IR Spectrometer with a Smart™ iTX 
Accessory attachment for ATR. The close-up is an image if the internal reflection element. 
Retrieved from https://www.thermofisher.com 
 
Part 2: Reflection-Absorption Theory 
 Reflection-absorption (R-A) is another method used for infrared spectrometric analysis.  
  R-A measurements are divided into two classes, near-normal incidence and grazing  
incidence, depending on the angle of incident radiation. Near normal incidence is used 
for thick samples (microns and larger), [while] grazing incidence is [used] for thinner 
samples sub-micron in size. (Miranda, 2003, p. 9)  
 Although it is known as R-A, its mechanism involves absorption-reflection-absorption. 
After transferring the sample to a reflective microscope slide, such as a low-e slide with a metal 
reflective substrate, to be analyzed using IR microspectroscopy, the infrared energy passes 
through the sample two times. As the incident radiation passes through the sample, radiation is 
absorbed by the sample. IR radiation will then reflect off the reflective substrate and travel 
through the sample a second time and be absorbed again. The beam is “shifted some amount as a 
result of the angle of incidence, the wavelength of light, and any polarization that may occur” 
(Miranda, 2003, p. 9).  
 Hence, this IR method allows for a spectrum of the entire sample to be obtained as 





Figure 11. Samples are normally placed on a low-e slide. IR radiation travels through the 



























































Chapter 7: Standards 
 The standards used in this study were DIY (Do It Yourself) temporary tattoos whose 
packaging consisted of colorless adhesives and backing paper to make a temporary tattoo by 
printing any image of choice. The description of the contents printed on each standard temporary 
tattoo package are listed in Table 4. Although the composition of the colorless adhesive was not 
on the packaging label, the type of printer to be used for each of the standards was stated; in this 
case, laser and inkjet printers. These two devices can print on both paper or a plastic film, but the 
processes in which they generate an image is different (Butterfield & Szymanski, 2018). Laser 
printers strike a rotating drum that “passes through a tank of toner ([consisting of] particles of ink 
in powder from)” picking up ink and “transfer[ing] it onto the paper or film through heat and 
pressure” (Butterfield & Szymanski, 2018). On the other hand, inkjet printers “spray ionized ink 
onto the paper or film directed by charged magnetic plates that pull the ink based on the strength 
of the voltage applied” (Butterfield & Szymanski, 2018).  
 
Table 4. Decal standards package details.   
Brand # of 
packages 
Size Sheets per 
package 
Made in Printer  
Rolurious 1 A4 (11.7”x8.3”) 10 N/A Inkjet 
Rolurious 1 A4  10 N/A Laser 
Rorytory 1 A4 (8.5”x11”) 4 China Inkjet 
Sangi 1 A4 (11.7”x8.3”) 4 China Inkjet 
Silhoutte 1 (8.5”x11”) 2 Japan Inkjet 
Sunnyscopa 1 8.5”x11” 5 Korea Inkjet 
Tailor 1 8.5”x11” 1 Japan Inkjet 
Vvivid 1 8.5”x11” 2 N/A Inkjet 
Tattify 1 8.5”x11” 2 N/A Inkjet 
N/A= information not provided on packaging 
 
Canon PIXMA PRO-100 with Full-photolithography Inkjet Nozzle Engineering (FINE) 
was used to print three images consisting of ROYGBIV colors on the backing paper of the 
standards to be used with an inkjet printer while an HP Color LaserJet Pro M252dw Printer was 
used to print an image on the backing paper of the Rolurious standard to be used with a laser 
printer (Figure 12, 13 & 14). It is important to note that because images did not properly form 





Figure 12. Canon PIXMA PRO-100 with Full-photolithography Inkjet Nozzle Engineering 





Figure 13. Ink colors used in the Canon PIXMA     Figure 14. HP Color LaserJet Pro M252dw  
PRO-100 Inkjet printer.                                               printer. 
 














Chapter 8: Children’s Temporary Tattoos 
 The pre-made children’s temporary tattoos selected for this study were based on their 
color variation, which included white, red, orange, yellow, green, blue, purple, gray and black. 
The temporary tattoos were obtained in their original packaging which were labeled with a 
specific ID number, initialed and dated for identification. The details printed on each package 
were documented and listed in Table 5. An attempt was made to find all the MSDS (Material 
Safety Data Sheets) of all the individual ingredients listed on the packaging in order to become 
familiar with proper handling procedures. However, safety data sheets of the products 
themselves were not found.   
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Yellow 5 lake, Blue 1 lake, Red 40, 
Methylthiophenyl morpholino 
isobutanone, titanium dioxide, acrylates 
copolymer, polystyrene, vegetable oil/huile 
végétale 




Yellow 5 lake, Blue 1 lake, Red 40, 
methylthiophenyl morpholino isobutanone, 
titanium dioxide, acrylates copolymer, 
polystyrene, vegetable oil/ huile végétale 
Despicable 
Me 3 




Yellow 5 lake, Blue 1 lake, Red 40, 
methylthiophenyl morpholino isobutanone, 
titanium dioxide, acrylates copolymer, 
polystyrene, vegetable oil/huile végétale 




Yellow 5 lake, Blue 1 lake, Red 40, 
methylthiophenyl morpholino isobutanone, 
titanium dioxide, acrylates copolymer, 
polystyrene, vegetable oil/huile végétale 
Fancy 
Valentines 





Yellow 5 lake, Blue 1 lake, Red 40, 
methylthiophenyl morpholino isobutanone, 
titanium dioxide, acrylates copolymer, 










Yellow 5 lake, Blue 1 lake, Red 40, 
methylthiophenyl morpholino isobutanone, 
titanium dioxide, acrylates copolymer, 
polystyrene, vegetable oil/huile végétale 
Watercolor 
tattoo sheets 
2 TJ1/TJ2 2017 Tattoo Junkee Lot Number: 
2317-Z 
Styrene/acrylates copolymer, ethyl acetate 
May contain: aluminum powder (CI 
77000), Titanium dioxide (CI 77891), 
Yellow 5 lake (CI 19140), Yellow 6 lake 
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(CI 15985), Blue 1 lake (CI 42090), Red 7 




1 FTT1  Melissa & Doug, 
LLC 
UN17228 Styrene/butadienecopolymer, paraffin, 
rosin/colophane, Red 7 lake (CI 15850), 
Blue 1 lake (CI 42090), Yellow 5 lake (CI 
19140), Yellow 6 lake (CI 15895), iron 




2 TTJ1/TTJ2  Melissa & Doug, 
LLC 
UN17138 Styrene/butadienecopolymer, paraffin, 
rosin/colophane, Red 7 lake (CI 15850), 
Blue 1 lake (CI 42090), Yellow 5 lake (CI 
19140), Yellow 6 lake (CI 15895), iron 








Yellow 5 lake, Blue 1 lake, red 40, 
methylthiophenyl morpholino isobutanone, 
titanium dioxide, acrylates copolymer, 
polystyrene, vegetable oil/huile vegetale 
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Chapter 9: Alternative Light Source 
 A CrimeScope CS-16-500 with Xenon 500W lamp and incorporated filter allows for 
specific wavelengths within the ultraviolet-visible region as well as in the IR region to pass 
through and illuminate a sample. One or more children’s temporary tattoos of each style from 
Table 5 were illuminated with various excitation wavelengths to determine if they fluoresce. The 
wavelengths used were white light, 670 nm, 635 nm, 600 nm, 575 nm, 555 nm, 535 nm, 515 nm, 
540 nm (used in a crime scene search or CSS), 495 nm, 475 nm, 455 nm, 445 nm, 430 nm and 
415 nm. In addition, a mini UV viewing cabinet, UVP C-10, with a handheld UV lamp was used 
to illuminate the sample with shortwave (254 nm) and longwave (365 nm) UV. As each 
wavelength was used to illuminate the samples, clear, red, orange and yellow goggles were used 
to determine which provided the best contrast for visualizing the fluorescing children’s 
temporary tattoos. Fluorescing temporary tattoos were photographed using a Nikon D7100 
DSLR camera with the appropriate barrier filter which depended on the barrier filter used (i.e., 
red, orange, yellow, clear) in the initial observation made.   
 










Chapter 10: Microscopy 
 To obtain a magnified image of specific areas within the standards and children’s 
temporary tattoos, a Motic® SMZ-171 stereomicroscope was used for initial analysis followed by 
the use of an Olympus BH-2 polarized light microscope (PLM). Both microscopes consist of 
eyepieces with a magnification of 10x (Figure 17). Through the use of the fine and course 
adjustment on the stereomicroscope, the presence or absence of printing patterns in the 
temporary tattoos were able to be determined through the use of the 10x objective, fine and 
course adjustment on the PLM allowed for better visualization of the printing patterns making up 
the images on the temporary tattoos. The printing patterns on all the standards were 
photographed and analyzed as well as the children’s temporary tattoos after removing the 
protective plastic film.  
 
 
              
(a) (b) 
Figure 17. Microscopes used for visual analysis of the children’s temporary tattoos; (a) Motic 









Chapter 11: Dye Extractions 
Part 1: First Extraction 
Pyrex® Uista™ Mini-test tubes, 64 in total, were rinsed with water and separated into 
eight groups; each containing a rectangular shaped section of the children’s temporary tattoos, 
the size of a hole-puncher, with one of the following colors: pink, orange, yellow, green, blue, 
purple, black and gray (Figures 18-19). Four of the eight groups were treated with relatively 
neutral extracting solvents: ethanol (200 proof), acetone, distilled water at room temperature 
warmed up to 90°C, pyridine, and dimethyl sulfoxide (DMSO) (Table 6). Another group was 
treated with a strong base, 10% sodium hydroxide, while the remaining groups were treated with 
acidic solvents: 10% glacial acetic acid and 10% sulfuric acid (Table 6). Each test tube 
contained about 2-3 mL of solvent. The backing paper was removed once it detached from the 
temporary tattoo itself to prevent it from degrading and having particles of paper present in the 
solvent. The extractions were analyzed using UV-Vis spectrometry after 1 week.   
Part 2: Second Extraction 
 11 Pyrex® Uista™ Mini-test tubes were rinsed with water and separated into three 
groups. In the first group, yellow, green, blue, purple, pink and orange sections of the heart 
bracelet (TTJ1; Temporary tattoos jewelry; Melissa & Doug, LLC) were exposed to 25 μL of 
pyridine while the colorless region (i.e., adhesive) in pyridine was used as a reference (Figure 
18). The same was done for the second and third group where black and gray sections of the 
transformer temporary tattoos (FT1; Transformers; Paper Magic Group, Inc.) were exposed to 25 
μL of pyridine along with their respective colorless regions as references (Figure 19). The size 
of the samples exposed to pyridine were similar in size to that of a hole puncher. The extractions 
were analyzed using UV-Vis spectrometry after 1 week.  
 
     
Figure 18. Bracelet temporary tattoos (TTJ1; Temporary tattoos jewelry; Melissa & Doug, LLC) 
used to obtain red, orange, yellow, green, blue and violet samples. 
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Figure 19. Transformer temporary tattoos (Research ID: FT1; Transformers; Paper Magic 
Group, Inc.) used to obtain a black and gray samples. 
 
Table 6. Solvents used for pigment extractions. 
Solvent Chemical 
Structure  
pH* Lot # Manufacturer 








14 166374 Fisher Scientific 









5 C18A10002 Pharmco-Aaper 
Water (distilled 
water room temp- 
then warmed up 
to 90C)  
4-5 N/A N/A 
Pyridine 
 
5-6 124254 Fisher Scientific 









6-7 011053 Fisher Scientific 
*pH was determined using MColorpHast pH test strips 
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Chapter 12: Chemistry 
 To isolate the dyes from the colorless adhesive, the temporary tattoos were exposed to 
different solvents at high temperatures to chemically and thermally break it down. Temporary 
tattoos were cut and transferred to Fisher scientific microscope slides. Each slide was labeled 
with one of the following solvents: ortho-xylene, meta-xylene, para-xylene, ethylene glycol 
monoethyl ether, methyl ethyl ketone. The slides were placed on a hot plate set to 70°C. Drops 
of each of the solvents were added to the temporary tattoos. Other solvents used were methylene 
chloride, turpentine, dimethylformamide, dimethyl sulfoxide and mineral oil from the brand 
Nujol®. 
 
Chapter 13: Ultraviolet-visible Spectroscopy 
For the first extraction, the solvents which appeared to have extracted dyes from the 
temporary tattoos, through visual inspection, were simply pipetted into a silica cuvette and 
analyzed using a UV-Vis spectrometer to identify the dyes present within the colored regions of 
the children’s temporary tattoos where the reference used was pyridine. Silica cuvettes were used 
as radiation absorbed by the cuvette would not interfere with the samples being analyzed.  
For the second extraction, the extractions were pipetted into silica cuvettes as well and 
analyzed using a UV-Vis spectrometer where the reference used was the extraction of the 
colorless adhesive of the children’s temporary tattoos in pyridine.  
However, before spectra of any solvent or sample was obtained, a function check was 
performed by obtaining a UV-Vis spectrum of holmium oxide. The instrument was also set to 
have a medium scan speed, a sampling interval of 0.5, a disabled auto sampling interval, an auto 
scan mode, a 1.0 slit width, an accumulation time of 1.0 seconds, a light source change 
wavelength of 360.0 nm, a direct detector unit, and a threshold of 0.0001000. The spectral range 
was set to display absorbance units on the y-axis and wavelengths between 200 and 700 nm on 
the x-axis.  
 
Chapter 14: FT-IR ATR Spectroscopy 
Temporary tattoos were placed into close contact with the IRE, or diamond, after 
removing the plastic film protecting the temporary tattoo. To bring the dyes in the temporary 
tattoo closer to the IRE, the colorless adhesive was removed by a soaking a cotton swab in 
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acetone and using it to slightly stroke the tattoo until dye appeared on the cotton swab itself from 
the area of interest. The colored region of the children’s temporary tattoos along the colorless 
adhesive, as it did not disintegrate or dissociate itself from the dyes during the extraction with 
water, were analyzed for comparison. They were placed on a spot plate heating on a hot plate set 
to 100°C to evaporate the water.  
Before spectra were obtained, a function check of the ATR-FT IR instrument was 
performed by obtaining a spectrum of polystyrene film. This was also repeated every hour. The 
instrument was set to 128 scans for analysis and 16 scans for the background. The spectral range 
was set to display absorbance units on the y-axis and wavenumbers between 4000 cm-1 and 480 
cm-1 on the x-axis.  
 
Chapter 15: Infrared Microspectroscopy 
 To obtain reflection-absorption IR spectra, the SynchronizIR Basic software was used. 
The experimental method was set to a resolution of 4 cm-1, 256 scans for analysis of the sample, 
256 scans for the background and a spectral range between 500 and 4000 cm-1 with the Smith 
ARO 15X/N.A..88 objective in position. On the other hand, to obtain FT-IR ATR spectra, the 
same experimental method was used with the Smith ATR 36x/- objective in position. All 
absorbance spectra obtained were normalized to one for comparison.   
Temporary tattoos were transferred to low-e microscope slides as per directions on 
packaging to remove the paper back. Low-e slides do not interfere with absorption within the 
spectral range of interest while ‘normal’ microscope slides made of glass can lead to its 
absorption appearing on the spectra generated. IR radiation was able to go through the entire 
sample (as opposed to only interacting with the surface of the sample), reflect off a metal 
substrate and pass through the entire sample again. This sample preparation was used for both 
microscopic methods.  
Due to the absorbance being above one absorbance unit in the reflection-absorption 
spectra obtained, mechanical and chemical methods, such as water, acetone and Scotch® tape, 
were used to remove thin layers of the children’s temporary tattoos and obtain lower 
absorbances. However, after various applications, the absorbances remained high.  
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 A library search was done with the FT-IR ATR spectra and reflection-absorption spectra 































































Proper documentation of ingredients listed on the packaging labels of the children’s 
temporary tattoos led to the identification of discrepancies between TJ1/TJ2 (Watercolor tattoo 
sheets; Tattoo Junkee) and FTT1/TTJ1/TTJ2 (My first temporary tattoos/Temporary tattoos 
jewelry; Melissa & Doug, LLC). Although the labels on both packages declare the presence of 
Yellow 6 lake, the color index (CI) used by the two companies were different; Yellow 6 lake (CI 
15985) was used in the label of TJ1/TJ2 (Watercolor tattoo sheets; Tattoo Junkee) while Yellow 
6 lake (CI 15895) was used in the label of FTT1/TTJ1/TTJ2 (My first temporary 
tattoos/Temporary tattoos jewelry; Melissa & Doug, LLC). Both also declare the use of different 
red dyes with the same CI; Red 7 (CI 15850) was used by TJ1/TJ2 (Watercolor tattoo sheets; 
Tattoo Junkee) while Red 7 lake (CI 15850) was used by FTT1/TTJ1/TTJ2 (My first temporary 
tattoos/Temporary tattoos jewelry; Melissa & Doug, LLC).  
    However, D&C Red 6 has a CI 15850 and D&C Red 7 has a CI 15850:1 (Table 7). In 
addition, FD&C Yellow No. 5 (CI 19140), FD&C Yellow No. 6 (CI 15985) and FD&C Blue 1 
(CI 42090) when converted to salts containing aluminum, the water-soluble dyes are converted 
to water-insoluble salts: Yellow 5 lake (CI 19140:1), Yellow 6 lake (CI 15985:1) and Blue 1 lake 
(CI 42090:2) (Table 7).  
 Based solely on the packaging label, the inconsistencies demonstrate the inability to rely 
on the ingredients listed further supporting the importance of investigating the composition of 
children’s temporary tattoos.  
 
 Table 7. Chemical structures of the dyes listed in the package labels of all the children’s 
temporary tattoos.  
Ingredient, color index, 
alternative name(s) 
Chemical structure 
*Yellow 5 lake, CI 19140:1, 



















*Blue 1 lake, CI 42090:2, 
FD&C Blue #1 Aluminum Lake 
h 
**FD&C Blue No. 1, C.I. 
42090, Brilliant Blue FCF 
 




**FD&C Yellow No. 6, CI 
15985, sunset yellow 
h 
*Yellow 6 lake, CI 15985:1, 
Sunset yellow aluminum lake 
h 
*Red 7 lake, CI 15850:1, 











** D&C Red No. 6, CI 15850, 
Pigment Red 57  
 
h 
*Ingredient based on name declared on label of TJ1/TJ2 (Watercolor tattoo sheets; Tattoo 
Junkee) & FTT1/TTJ1/TTJ2 (My first temporary tattoos/Temporary tattoos jewelry; Melissa & 
Doug, LLC) 
**Ingredient based on C.I. declared on label of TJ1/TJ2 (Watercolor tattoo sheets; Tattoo 
Junkee) & FTT1/TTJ1/TTJ2 (My first temporary tattoos/Temporary tattoos jewelry; Melissa & 
Doug, LLC) 
 
Before chemically or physically altering the appearance of the children’s temporary 
tattoos, a CrimeScope and UV lamp was used to see if the temporary tattoos fluorescence was 
strong, intermediate or weak when exposed to various excitation wavelengths such as 254, 365, 
415 nm, 430 nm, 445 nm, 455 nm, 475 nm, 495 nm, CSS or 540 nm, 515 nm, 535 nm, 555 nm, 
575 nm, 600 nm, 635 nm, 670 nm and white light. However, none of the temporary tattoos 
fluoresced when illuminated with white light or the following excitation wavelengths: 415 nm, 







Table 8. Filters and excitation wavelengths used to observe fluorescence in the children’s temporary tattoo samples. 











254 365 415 430 445 455 475 495 CSS 515 535 555 575 600 635 670 0 
Rainbow with 
blue cloud; 
FTT1; My first 
temporary 
tattoos; Melissa 




N N N N N N N N N N N N N N N N N 












N N N N 
 Orange N N N N N N N N N F (red, 
orange); 
weak 
N N N N N N N 











N N N N N N N N N N N N N N N N N 






N N N N N 
 Orange N N N N N N N N N N N N N N N N N 

















N N N N N 
 Orange N N N N N N N N N N N N N N N N N 







Clear N N N N N N N N N N N N N N N N N 












N N N N 
 Orange N N N N N N N N N N N N N N N N N 








Clear N N N N N N N N N N N N N N N N N 









N N N N 
 Orange N N N N N N N N N N N N N N N N N 
 Yellow N N N N N N N N N N N N N N N N N 
Minion; DM1; 
Despicable Me 
3; Paper Magic 
Group, Inc.  
Clear N N N N N N N N N N N N N N N N N 












N N N N N 
 Orange N N N N N N N N N N N N N N N N N 






Group, Inc.  
Clear N N N N N N N N N N N N N N N N N 


















N N N N 
 Orange N N N N N N N N N F 
(orange)
; weak 
N N N N N N N 





Clear N N N N N N N N N N N N N N N N N 
















N N N N 






N N N N N N N 







Clear N N N N N N N N N N N N N N N N N 
























N N N N 









N N N N N N N 









N N N N N N N N N N N N N N N N N 
 Red N N N N N N N N N N N N N N N N N 
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 Orange N N N N N N N N N N N N N N N N N 









N N N N N N N N N N N N N N N N N 










N N N N 






N N N N N N N 







Clear N N N N N N N N N N N N N N N N N 















N N N N 









N N N N N N N 





Doug, LLC  
Clear N N N N N N N N N N N N N N N N N 




















N N N N 









N N N N N N N 
 Yellow N N N N N N N N N N N N N N N N N 
LOVE; TJ1; 
Watercolor 













N N N N 
 Orange N N N N N N N N N N N N N N N N N 





Clear N N N N N N N N N N N N N N N N N 
















N N N N 






N N N N N N N 





Clear N N N N N N N N N N N N N N N N N 








N N N N 
 Orange N N N N N N N N N N N N N N N N N 
 Yellow N N N N N N N N N N N N N N N N N 
N= no fluorescence 
F=fluorescing (color fluorescing); strength of fluorescence  
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Although some the children’s temporary tattoos fluoresced using various excitation 
wavelengths, the level of fluoresce was weak. Proper contrast between the fluorescing portions 
of the sample and its backing paper was achieved when illuminating the samples with a 555 nm 
excitation wavelength while using a red barrier filter. Based on the representative samples used, 
the yellow Figure 20 (a, c, d, k), red Figure 20 (b, d, e, f, g, h, l), pink Figure 20 (i) and orange 
Figure 20 (h, i, j, m) colored regions within the temporary tattoos fluoresced.   
 
       
(a)                                   (b)                                     (c)                               (d) 
          




   
                             (j)                                                                      
      
                                                         (k)                                   (l)                         (m) 
Figure 20 (a-j). Photographs of children’s temporary tattoos taken by using a red barrier filter on 
the camera lens and illuminating the samples with a 555 nm excitation wavelength to achieve 
proper contrast between the fluorescing portions of sample and the backing paper. Settings used 
to photograph a-f: F/4, ISO 400, shutter speed 1/8 seconds; g-m: F/4, ISO 400, shutter speed 
1/10 seconds. 
 
Visual analysis of the children’s temporary tattoos also involved the use of a 
stereomicroscope and polarized light microscope (Table 9). Although each design appeared to 
be composed of a single color when observed with the naked eye, with proper magnification, 
each colored region was observed to be made up of more than one dye (except for yellow, white 
and black in some children’s temporary tattoos). For instance, an orange colored region when 
viewed under a microscope was made up of yellow and red colored dots.  
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Table 9. Representative samples from each design. Photographs taken through the eye piece of a stereomicroscope and PLM.  
Temporary tattoo; Research ID; 
Temporary tattoo style; 
Manufacturing Company 





(magnification specified per 
image) 
PLM (100x magnification) 
BB-8; SW1; Star Wars; Paper 






Rainbow with flowers; FTT1; My 







Yellow Dinosaur; RV1; Roaring 










Spiderman; SM1; Spiderman; 







Blue transformer; TF1; 








Yellow transformer; TF1; 











R2D2; SW1; Star Wars; Paper 






Bracelet; TTJ1; Temporary tattoos 






Blue dinosaur; RV1; Roaring 











Minion; DM1; Despicable Me 3; 






Blue-green dinosaur; RV1; 








LOVE; TJ1; Watercolor tattoo 
sheets; Tattoo Junkee 






 By properly magnifying the children’s temporary tattoo, the colored regions were not 
only determined to be made up of one or more colors, differences in printing patterns were also 
observed (Table 9). Regardless of the color perceived with the naked eye, all the temporary 
tattoos consisted of one or more colors used in CMYK printers (i.e., printers that use cyan, 
magenta, yellow and black inks). The rainbow with flowers (FTT1; My first temporary tattoos; 
Melissa & Doug, LLC), bracelet (TTJ1; Temporary tattoos jewelry; Melissa & Doug, LLC) and 
LOVE (TJ1; Watercolor tattoo sheets; Tattoo Junkee) temporary tattoos are made up of round 
colored dots with smooth edges equidistant from each other while the rest of the temporary 
tattoos are made up of colored dots with rough, uneven edges; some arranged in a linear fashion 
while others appeared to be randomly placed.  
To determine if distinctive printing patterns result from the use of an inkjet printer 
compared to a laser printer, ROYGBIV images A, B and C were printed on the backing paper of 
the standards as per the instructions on their packaging (Table 10). As expected, each colored 
region was composed of the same primary colors as observed with the children’s temporary 
tattoos. No distinctive printing patterns were observed when using an inkjet printer within or 
between the images printed, however, distinctive printing patterns were observed under proper 
magnification after printing image A with a laser printer; colored strips of smaller colored dots 
were observed as well as black dots that are equidistant from each other and made up of smaller 
black dots.  
Due to some of the similarities in printing patterns observed between the children’s 
temporary tattoos and the printed images on the standards, determining if the children’s 
temporary tattoos were actually printed could narrow down the number of inks possibly used for 
the creation of the images. Although beyond the scope of this preliminary study, determining the 
inks used in the children’s temporary tattoos could even help differentiate between 
manufacturing companies which would be useful in a forensic investigation.  
However, information on the composition of inks used in laser and inkjet printers is 
limited. The information most commonly found states the presence of complex copper molecules 
in cyan ink, more specifically, “metallophthalocyanine dye and/or a metal free phthalocyanine 
dye” (Donnelly, Marrero, Cornell, Fowler, & Allison, 2010; Shirota, Eida & Suga, 1989, Patent 
No. 4,864,324, “Summary of the invention”). In addition, carbon black was found to be present 
in some black inkjet inks (Johnson et al., 2018). According to Johnson et al. (2018), yellow toner 
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was the ink that could be strongly discriminated between yellow laser inks while yellow inkjet 
Hewlett-Packard and Canon inks were not able to be distinguished using Raman 
microspectroscopy. Even though spectral comparison of different inks have been done, their 
exact composition continues to be a challenge as the “chemical formulation of each 




Table 10. Image A printed on Standards using an inkjet and laser printer. Polarized light microscope was used to focus on different 
colored areas at ~100x magnification. 
 Area of interest 
Standard Red Orange Yellow Green Blue Purple 
Rolurious 
laser 
      
Rolurious 
Inkjet 
      
Sangi 




      
SunnySco
pa 
      
Tattify 
      
Tailor  








To determine the dyes present within each temporary tattoo, chemical extractions were 
done using 10% sodium hydroxide, 10% sulfuric acid, 10% glacial acetic acid, ethanol, distilled 
water, pyridine and dimethyl sulfoxide (DMSO); the results were recorded in Table 11. When 
the temporary tattoo color fragments were added to the 10% sulfuric acid and acetic acid, 
immediate bubbling was observed. After 1 week, the backing paper of all temporary tattoo 



























Table 11. Appearance of solvents after 1 week of exposure to the temporary tattoo samples.  
 Changes in Solution and temporary tattoo after 1 week 
Solvents Pink tattoo Yellow tattoo Blue tattoo Green tattoo Purple tattoo Orange tattoo Gray tattoo Black tattoo 
10% sodium 
hydroxide 













































Colorless solution Colorless 
solution 
Colorless solution Colorless 
solution 






Colorless solution Colorless 
solution 
Colorless solution Faint/light purple 
solution 




Distilled water Colorless 
solution 
Colorless solution Colorless 
solution 
Colorless solution Colorless 
solution 








tattoo turned a 
blue-green color 












DMSO Very light/faint 
pink solution 
Colorless solution Colorless 
solution 












UV-Vis spectra was obtained on solvent extractions that were observed to have 
undergone a color change with most of the temporary tattoos. Irregularly shaped spectral peaks, 
some above one absorbance unit, were obtained between 200 and 300 nm, while absorbances 
above 0.1000 and below 0.3000 absorbance units were obtained between 300 and 700 nm for all 
spectra. Because the UV-Vis spectra of the extractions done with pyridine were the most 
interesting as they consisted of the most absorption bands, they were further analyzed. It is 
important to note that there were also irregular shaped peaks in the spectra obtained for pyridine 
extracts above 575 nm for the gray temporary tattoo and above about 670 nm for the other 
temporary tattoos, so absorbances within those regions as well as in the UV region for all spectra 
were not further analyzed. 
 To determine the dyes dissolved from the children’s temporary tattoos into pyridine, 
pyridine was used as the reference. The maximum absorbances experimentally obtained from the 
extractions for the pink, yellow and orange temporary tattoos were within the expected 
wavelength of maximum absorbance (Juster, 1962) (Table 12). The extract of the orange and 
pink temporary tattoo also absorbed green (529 nm) and violet (422 nm) light, respectively, 
indicating the presence of red and yellow dyes; both confirmed through microscopical 
examination. However, this was not the case for the green and purple temporary tattoos (Table 
12). According to Juster (1962), a green substance should absorb between 640 and 730 nm, 
instead the extract of the green temporary tattoo absorbed violet (418-424 nm) and orange (594 
nm) light indicating the presence of yellow and blue dyes. Additionally, a purple substance 
should absorb between 550 nm and 590 nm, but the extract of the purple temporary tattoo 
absorbed green (536 nm) and orange (634 nm) light indicating the presence of red and blue dyes 
(Table 12, Figure 21). In both cases, the presence of the two dyes for the green and purple 
temporary tattoos were also confirmed by microscopical examination (Table 9). The presence of 
more than one dye in the pink, orange, green and purple temporary tattoos makes sense as they 
are all secondary colors and the presence of primary color dyes, cyan, magenta and yellow, in 
different combinations were observed to make up the different colored regions through the use of 
microscopy.  
The black temporary tattoo absorbed violet (426 nm) and green (562 nm) light indicating 
the presence of yellow and red dyes while the gray temporary tattoo absorbed violet (426 nm) 
and yellow (562 nm) light indicating the presence of yellow and violet dyes (Figure 21, Table 
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12). Although the presence of violet dyes in the gray temporary tattoo does not make sense, 
violet is a secondary color that contains blue and red colors. Therefore, it was hypothesized that 
the blue and red dyes were unable to be separated due to similarities in chemical structure, 
especially since the presence of those dyes were observed through the visual examination of the 
temporary tattoos using microscopy (Table 9).  
Additionally, the absorbances for the extraction of the blue temporary tattoo was not able 
to be determined, which was hypothesized to be due to the copper metal complex causing the 
dye to act as an inorganic as opposed to an organic dye preventing its successful extraction. 
 
 
Figure 21. UV-Vis overlay spectra of all the pyridine solvents exposed to the various dyed 
temporary tattoo samples. The baseline being greater than zero could have been due to real, 











(nm) of maximum 
absorbance (Juster, 
1962)  
1st pyridine extraction: 
Experimental Wavelength 





2nd pyridine extraction: 
Experimental Wavelength 





Yellow 400-425 426 Violet 440 Violet 
Orange 425-490 426, 529 Violet, green 446,521 Violet, green 
Pink2 490-550 422, 497 Green, violet 447,509 Green, violet  
Purple 550-590 634, 536 Green, orange 520, 628 Green, orange 
Blue 590-640 N/A N/A N/A N/A 
Green 640-730 418-424, 594 Violet, orange 429, 638 Violet, orange 
Gray  --- 426, 562 Violet, yellow 478, 518, 576 Yellow, green 
Black --- 426, 529 Violet, green 447,519 Violet, green  
1Wavelengths and absorbed light in bold correspond to wavelengths of maximum absorbance.  




The limited spectral information obtained from the extraction due to the low absorbances 
in the visible region, the high absorbances between 200 and 300 nm, the unreliable absorbances 
above 575 nm for the gray temporary tattoo extract and above about 670 nm for the other 
extractions, suggests the possibility that the concentration of the dyes in solution were low for 
the amount of solvent present, the colorless adhesive was preventing the dyes from dissolving 
into solution or solvent effects were being obtained. Therefore, a second extraction using 
pyridine was done as it led to spectra with the most absorbance activity. However, this time an 
extraction of the colorless adhesive in pyridine was used a as a reference to account for the other 
extractions also being obtained from the colorless adhesive into solution and determine if similar 
or different spectra are obtained. Table 13 reflects the results observed after letting the 
extractions sit for one week. 
 
Table 13. Appearance of pyridine solvent after one week of exposure to the temporary tattoo 
samples.  


























































Based on the spectra obtained from the second extraction using pyridine, absorbances at 
similar wavelengths were obtained compared to the first extraction. The maximum absorbances 
for the second round of extractions of the pink, yellow and orange temporary tattoos were also 
within the expected wavelengths of maximum absorbance (Table 12, Figure 22). This was not 
the case for the extractions of the green and purple temporary tattoos once again (Table 12). The 
only difference is that the gray temporary tattoo absorbed green (478 nm, 518 nm) and yellow 




Figure 22. UV-Vis overlay spectra of all the pyridine solvents exposed to sections of the heart 
temporary tattoo of the second extraction. 
 
Although the absorbed light by the extract from the children’s temporary tattoos concur 
with the color of the dyes microscopically observed, the spectra obtained do not have smooth 
absorbances between 200 and 350 nm, suggesting the possibility that the dyes could be breaking 
down or changing in their chemical composition as a result of leaving the dyes to extract over a 
period of one week and not due to solvent effects or the colorless adhesive. Additionally, the 
absorbances obtained within a small wavelength range prevent an accurate library search to be 
executed. 
Hence, FT-IR ATR was then used to identify the dyes present. Without removing the 
temporary tattoos from the backing paper, the ATR diamond on the instrument was brought in 
contact with colored regions of different temporary tattoos (FV1; Fancy Valentines; Paper Magic 
Group, Inc., Studio 2/14). However, the colorless adhesive and backing paper appeared to 
interfere with the spectra obtained even after attempting to remove the colorless adhesive with a 
cotton swab soaked in acetone from the colored regions. 
Pink, purple, orange, blue, yellow, green, gray, black 
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To eliminate any possible interference caused by the backing paper, the dye layer with 
the colorless adhesive separated from the backing paper from the previous extraction with water 
was analyzed. The children’s temporary tattoos (i.e., consisting of both the colorless adhesive 
and colored regions) were placed on a hot plate set to 100°C to dry. The spectra obtained for red, 
yellow, blue, purple, green and orange temporary tattoos have peaks at the same frequencies. 
When comparing to the spectra obtained to that of the colorless adhesive alone, similar peak 
locations are observed with differences in intensities and band broadening (Figure 23).  
 
  
Figure 23. Bracelet (TTJ1; Temporary tattoos jewelry; Melissa & Doug, LLC) temporary tattoos 
from TTJ1 on Attenuated Total Reflection Mode. Spectra of pink, yellow, blue, purple, green 
and orange colored regions within the temporary tattoo after exposure to water for extraction 
compared to that of the colorless adhesive; peak locations are similar with varying intensities.  









Due to the similarities between ATR spectra of the colorless and colored regions, the next 
step involved an attempt to break down the adhesive. A blue horse and a pink bear temporary 
tattoo (FTT1; My first temporary tattoos; Melissa &Doug, LLC) were cut into pieces and 
transferred onto microscope slides based on the instructions indicated on the package (Figure 
24). The microscope slides were labeled with one of the following solvents: ortho-xylene, meta-
xylene, para-xylene, ethylene glycol monoethyl ether and methyl ethyl ketone (MEK), and 
placed on a hot plate set to 70°C while adding drops of the solvents to the corresponding slides 
(Figure 25).  
  
    
Figure 24. The blue horse and pink bear temporary tattoos(FTT1; My first temporary tattoos; 
Melissa &Doug, LLC).  
 
 
Figure 25. Experimental set-up. Microscope slides with sections of temporary tattoos (FTT1; 
My first temporary tattoos; Melissa & Doug, LLC) on a hot plate set to 70°C while adding drops 
of different solvents: ortho-xylene, meta-xylene, para-xylene, ethylene glycol monoethyl ether 
and methyl ethyl ketone. 
 
When exposing the temporary tattoo to ortho-xylene, the temporary tattoo fragmented. 
The space between the fragments turned brown suggesting the colorless adhesive reacted with 
69 
 
the solvent or burned from the heat applied. Additionally, the colored portion of the tattoo 
seemed to curl inward and away from the fragments as it began to dry. On the other hand, the 
space between the fragments of the temporary tattoos treated with para-xylene and meta-xylene 
remained clear while the colored regions of the temporary tattoo wrinkled as if it were shrinking. 
The temporary tattoo treated with MEK completely fragmented into smaller wrinkled ‘islands’ 
compared to the temporary tattoo exposed to ethylene glycol monoethyl ether where it only 
became wrinkled, but did not fragment (Table 14).    
  
Table 14. Effect of temporary tattoo exposure to various solvents and heat. Images taken through 
eye piece of a polarized light microscope (PLM).  

















Due to the inability to break down the adhesive, another tattoo was also exposed to 
methylene chloride, but the adhesive’s removal remained unsuccessful. In a final attempt to 
separate the colorless adhesive from the dyes, transformer temporary tattoos (TF1; Transformers; 
Paper Magic Group, Inc.) were exposed to turpentine and dimethylformamide after transferring 
them to a microscope slide as per the directions on their packaging. After adding a few drops of 
turpentine to the yellow transformer temporary tattoo (TF1; Transformers; Paper Magic Group, 
Inc.), pitting started to appear as if the tattoo was being ‘eaten’ away, but no evidence of the 
adhesive and dyes separating was observed (Figure 26). When dimethylformamide was added to 
the blue temporary tattoo, a red color started to leach out from the tattoo while making the 
visibly blue color on the temporary tattoo lighter (Figure 27. A-F). When enough red pigment 
was seen to have leached out, the microscope slide was placed on a hot plate set to 70°C in order 
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to evaporate the solvent and scape off the pigment from the slide to obtain a solid sample, since 
minimum preparation is needed for FT-IR ATR. When scraping off the pigment, the adhesive 
seemed to have ‘traveled’ with the dye as the material being scraped off was sticky, indicating 
the unsuccessful removal of the colorless adhesive (Figure 27. F). Because dimethylformamide 
is a miscible organic solvent, the ability to dissolve the colorless adhesive was considered, but 
the ability to dissolve the red dye into solution was unexpected.   
 
 
Figure 26. Yellow transformer temporary tattoo from TF1 exposed to turpentine. 
 
      
          A                      B                        C                          D                         E                     F 
Figure 27 (A-F). Blue transformer temporary tattoo from TF1 exposed to dimethylformamide 
and heat (70°C). 
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Due to the inability to properly isolate the dyes through extractions and the mechanical 
and chemical removal of the colorless adhesive from different styles of temporary tattoos, it was 
hypothesized that different types of adhesives could have been used and what might not have 
worked with one temporary tattoo, might have worked with another. Therefore, FT-IR ATR was 
used to analyze the adhesive of the DIY standards (Figure 28). The FT-IR ATR spectra of the 
adhesives were separated into groups based on spectral shape similarities observed (Figure 29-
34). Although the two standards from the Rolurious brand are to be used with different printers, 
laser and inkjet printers, the adhesive provided within both packages are made up of the same 
material (Figure 29). The adhesive from the Silhouette, Tattify and SunnyScopa brands also 
appear to be made up of the same material as opposed to the spectra of the adhesives from the 
RoryTory, Sangi, Tailor and Vvivid brands which differ in shape from one another and from the 

















Figure 28. Overlapping (a) and stacked (b) spectra of the adhesive from the DIY standards in 


























Figure 29. Overlapping (a) and stacked (b) spectra of the adhesives from both Rolurious brand 











Figure 30. Overlapping (a) and stacked (b) spectra of the adhesives from the Silhouette, Tattify 



























Figure 33. Spectrum of the adhesive from the Tailor brand standard in Attenuated Total 
Reflection Mode.   
 
 
Figure 34. Spectrum of the adhesive from the Vvivid brand in Attenuated Total Reflection 
Mode.  
 
 The ability to grouping of the different adhesive standards demonstrated that there are 
different colorless adhesives utilized for DIY tattoo sheets and that although a single brand may 
market material to be used by two different printers, the adhesive provided can be the same. 
When the colorless adhesive of all the different styles of children’s temporary tattoos were 





After transferring the children’s temporary tattoos onto a low-e microscope slide, ATR 
spectra of the adhesives (i.e., colorless regions within the temporary tattoos) were obtained for 
analysis; one temporary tattoo from each style was used (Figure 35). The ATR spectra of the 
temporary tattoos analyzed from the Paper Magic Group, Inc. manufacturing company have the 
same general spectral shape as expected after analyzing the adhesive of the DIY standards 
(Figure 36). The ATR spectra of temporary tattoos analyzed from the Melissa & Doug, LLC 
manufacturing company were considered to be similar enough to be grouped together although 
differences in spectral shape between 1000 and 1200 cm-1 were observed (Figure 37). The ATR 
spectrum of the colorless adhesive from the temporary tattoo analyzed from the Tattoo Junkee 
manufacturing company was different from the spectra of the colorless adhesives of the other 
two manufacturing companies leading it to be a group on its own (Figure 38). The spectral 
groups made were based on the spectral shape of the colorless adhesives analyzed show that the 
colorless adhesives used by the same manufacturing company are similar regardless of the 

















Figure 35. Overlapping (a) and stacked (b) spectra of the colorless adhesives from the all 
different children’s temporary tattoo styles in Attenuated Total Reflection Mode. 
 
Rainbow with white clouds, yellow dinosaur, yellow transformer, Spiderman, snoopy, rainbow 
with flowers, R2D2, LOVE, minion, bracelet 













Figure 36. Overlapping spectra of the colorless adhesive of the children’s temporary tattoos, 
each from a different style, but same manufacturing company, Paper Magic Group, Inc., in 
Attenuated Total Reflection Mode.  
 
 
Figure 37. Overlapping spectra of the colorless adhesive of the two different styles of temporary 
tattoos from the Melissa & Doug, LLC manufacturing company in Attenuated Total Reflection 
Mode. The spectral shape of the two temporary tattoos are similar except for the peaks at ~1140 
cm-1, ~1080 cm-1 and ~1020 cm-1 which appear at similar locations, but differ in shape. 
 
Bracelet, rainbow with flowers 




Figure 38. Spectrum of the colorless adhesive of the temporary tattoo from the Tattoo Junkee 
manufacturing company in Attenuated Total Reflection Mode. 
  
 In an attempt to identify the colorless adhesive present in the children’s temporary 
tattoos, the spectra of the colorless adhesives separated into groups were compared to spectra of 
adhesives provided by Pattacini (1974) and Lee et al. (1984). However, the spectra of the 
colorless adhesive was unable to be correlated with spectra provided by the authors.  
The colored regions of the temporary tattoos transferred to low-e slides were then 
analyzed using IR microspectroscopy. Tattoos were chosen from each temporary tattoo style that 
contains as many possible colors, including gray and black (Table 15). However, due to 
similarities between temporary tattoos of the same style, only one temporary tattoo per style will 
be further discussed. The same temporary tattoos were used for obtaining reflection-absorption 












Table 15. Children’s temporary tattoos analyzed using ATR and Reflection-Absorption infrared 
methods.  
Type of tattoo style; 
Research ID; 
Manufacturing Company 
Tattoo chosen for analysis 
Transformers; TF1; Paper 
Magic Group, Inc. 
 
      
 
 
                           
 
Spiderman; SM1; Paper 




Despicable Me 3; DM1; 




Star Wars; SW1; Paper 
Magic Group, Inc. 
 
j 
Fancy Valentines; FV1; 




Roaring Valentines; RV1; 
Paper Magic Group, Inc., 
Studio 2/14 
h 
Watercolor Tattoos; TJ1; 
Tattoo Junkee  
 
My first temporary tattoos; 








Temporary tattoos jewelry; 
TTJ1; Melissa & Doug, 
LLC 
5 
Peanuts; PTT1; Paper 
Magic Group, Inc. 
 
 
    
 
The ATR spectra of colorless and colored regions within each of the individual children’s 
temporary tattoo samples were superimposed for comparison (Figures 46-55). Within each 
figure, the spectra of each colored region and the adhesive had major peaks at similar frequencies 












Figure 39. Rainbow with white clouds (FV1; Fancy Valentines; Paper Magic Group, Inc., Studio 
2/14) temporary tattoo in Attenuated Total Reflection Mode. Spectra of the white, red, orange, 
green and purple colored regions within the temporary tattoo compared to that of the colorless 
adhesive. Similarities in peak shape and location with variations in peak intensity for the major 
peaks within each spectrum are located at the following frequencies: 3500-3000 cm-1, 3000-2750 
cm-1, ~1730 cm-1, 1460-1445 cm-1, ~1238 cm-1, ~1155 cm-1, ~1120-1105 cm-1, 1088-1078 cm-1, 









Figure 40. Spiderman (SM1; Spiderman; Paper Magic Group, Inc.) temporary tattoo in 
Attenuated Total Reflection Mode. Spectra of the red, black and gray colored region within the 
temporary tattoo compared to that of the colorless adhesive. Similarities in peak shape and 
location with variations in peak intensity for the major peaks within each spectrum are located at 
the following frequencies: ~3500-3250 cm-1, 3000-2750 cm-1, ~1730 cm-1, 1459-1449 cm-1, 
~1240 cm-1, ~1160 cm-1, ~1025 cm-1 and ~873 cm-1 (except for the spectra of the adhesive below 




Red area, black area, gray area, colorless adhesive 
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Figure 41. Yellow transformer (TF1; Transformers; Paper Magic Group, Inc.) temporary tattoo 
in Attenuated Total Reflection Mode. Spectra of the red, black and gray colored regions within 
the temporary tattoo compared to that of the colorless adhesive. Similarities in peak shape and 
location with variations in peak intensity for the major peaks within each spectrum are located at 
the following frequencies: 3500-3000 cm-1, 3000-2750 cm-1, ~1730 cm-1, ~1450 cm-1, ~1236 cm-














Figure 42. Yellow dinosaur (RV1; Roaring Valentines; Paper Magic Group, Inc., Studio 2/14) 
temporary tattoo in Attenuated Total Reflection Mode. Spectra of the orange, yellow and purple 
colored regions within temporary tattoo compared to that of colorless adhesive. Similarities in 
peak shape and location with variations in peak intensity for the major peaks within each 
spectrum are located at the following frequencies: 3500-3000 cm-1, 3000-2750 cm-1, ~1450 cm-1, 
~1240 cm-1, ~1155 cm-1, ~1025 cm-1 (although peak shape of yellow and purple areas differs 









Figure 43. R2D2 (SW1; Star Wars; Paper Magic Group, Inc.) temporary tattoo in Attenuated 
Total Reflection Mode. Spectra of the black, red and blue colored regions within the temporary 
tattoo compared to that of the colorless adhesive. Similarities in peak shape and location with 
variations in peak intensity for the major peaks within each spectrum are located at the following 
frequencies: 3500-3000 cm-1, 3000-2750 cm-1, 1730-1725 cm-1, 1458-1448 cm-1, 1243-1232 cm-








Figure 44. Minion (DM1; Despicable Me 3; Paper Magic Group, Inc.) temporary tattoo in 
Attenuated Total Reflection Mode. Spectra of the yellow, black, blue, pink and white colored 
regions within the temporary tattoo compared to that of the colorless adhesive. Similarities in 
peak shape and location with variations in peak intensity for the major peaks within each 
spectrum are located at the following frequencies: 3500-3000 cm-1, 3000-2750 cm-1, ~1730-1725 
cm-1, ~1450-1430 cm-1, ~1236 cm-1, 1155-1149 cm-1, ~1080 cm-1, ~1025 cm-1, ~873 cm-1 








Figure 45. Snoopy (PTT1; Peanuts; Paper Magic Group, Inc.) temporary tattoo in Attenuated 
Total Reflection Mode. Spectra of the red, purple and white colored regions within temporary 
tattoo compared to that of the colorless adhesive. Similarities in peak shape and location with 
variations in peak intensity for the major peaks within each spectrum are located at the following 
frequencies: 3500-3000 cm-1, 3000-2750 cm-1, ~1730 cm-1, ~1450 cm-1, ~1240 cm-1, ~1155 cm-1, 









Figure 46. LOVE (TJ1; Watercolor tattoo sheets; Tattoo Junkee) temporary tattoo on reflective 
slide in Attenuated Total Reflection Mode. Spectra of the pink, purple, green and blue-green 
colored regions within the temporary tattoo compared to that of the colorless adhesive. 
Similarities in peak shape and location with variations in peak intensity for the major peaks 
within each spectrum are located at the following frequencies: 3500-3000 cm-1, 3000-2750 cm-1, 
~1725 cm-1, ~1430 cm-1, ~1238 cm-1, ~1147 cm-1, 1120 cm-1 (except for the pink area and 
adhesive), ~1090-1080 cm-1 (except for adhesive), ~1060 cm-1, ~1022 cm-1, 872 cm-1, ~750 cm-1 








Figure 47. Rainbow with flowers (FTT1; My first temporary tattoos; Melissa & Doug, LLC) 
temporary tattoo in Attenuated Total Reflection Mode. Spectra of the red, yellow, green, blue, 
and orange colored regions within the temporary tattoo compared to that of the colorless 
adhesive; peak locations are similar with slight variation in peak intensities at the following 
frequencies: ~3333 cm-1, 3000-2750 cm-1, ~1720-1710 cm-1, ~1525 cm-1, ~1457 cm-1, ~1410 cm-
1, ~1365 cm-1, ~1306 cm-1, ~1220 cm-1, 1149-1144 cm-1, ~1075 cm-1, ~1018 cm-1, ~935 cm-1, 








Figure 48. Bracelet (TTJ2; Temporary tattoos jewelry; Melissa & Doug, LLC) temporary tattoo 
in Attenuated Total Reflection Mode. Spectra of the orange, green, purple, blue, yellow and pink 
colored regions within the temporary tattoo compared to that of the colorless adhesive. 
Similarities in peak shape and location with variations in peak intensity for the major peaks 
within each spectrum are located at the following frequencies: 3500-3000 cm-1, 3000-2750 cm-1, 
~1725 cm-1, ~1530 cm-1, 1415-1410 cm-1, 1233-1220 cm-1, 1150-1140 cm-1, ~1076 cm-1, 1022-
1015 cm-1, ~940-930 cm-1, ~857 cm-1, ~770-760 cm-1, ~730 cm-1 (except spectra of yellow area) 
and ~690 cm-1.  
 
Similarities in the ATR spectra obtained between the colored and colorless regions within 
each temporary tattoo suggests that the colorless adhesive is a strong absorber or the IR radiation 
is mainly interacting with the samples’ surface (i.e., colorless adhesive). As a result, R-A spectra 
of each colored region and the colorless adhesive within each of the individual children’s 
temporary tattoo samples were then obtained to allow the radiation to go through and interact 












Figure 49. Rainbow with white clouds (FV1; Fancy Valentines; Paper Magic Group, Inc.) 
temporary tattoo on reflective slide in Reflection-Absorption Mode. Overlay (a) and stacked (b) 
spectra of the white, black, red, orange, green and purple colored regions within the temporary 
tattoo compared to the colorless adhesive. Similarities in peak shape and location with variations 
in peak intensity of common peaks between each spectrum are located at the following 
frequencies: 3500-3000 cm-1, 3000-2750 cm-1, ~1742-1736 cm-1, 1728-1724 cm-1, 1465-1460 
cm-1, 1379 cm-1, 1254-1240 cm-1, 1173-1163 cm-1, ~1117 cm-1, 1066-1060 cm-1, ~1031 cm-1, 
~840 cm-1 and ~700 cm-1. 











Figure 50 (a-b). Spiderman (SM1; Spiderman; Paper Magic Group, Inc.) temporary tattoo on 
reflective slide in Reflection-Absorption Mode. Overlay (a) and stacked (b) spectra of the red, 
black and gray colored regions within the temporary tattoo compared to that of the colorless 
adhesive. Similarities in peak shape and location with variations in peak intensity of common 
peaks between each spectrum are located at the following frequencies: 1738-1725 cm-1, ~1465 
cm-1, ~1378 cm-1, 1257-1239 cm-1, 1167-1160 cm-1, ~960-940 cm-1, ~875 cm-1 (except for 
spectra of adhesive).   
Red area, black area, gray area, colorless area 
Red area 







Figure 51 (a-b). Yellow transformer (TF1; Transformers; Paper Magic Group, Inc.) temporary 
tattoo on reflective slide in Reflective-Absorption Mode. Overlay (a) and stacked (b) spectra of 
the yellow, gray and aqua colored regions within temporary tattoos compared to that of the 
colorless adhesive. Similarities in peak shape and location with variations in peak intensity of 
common peaks between each spectrum are located at the following frequencies: 3500-3000 cm-1, 
3000-2750 cm-1, 1800-1600 cm-1, 1467-1460 cm-1, ~1378 cm-1, ~1250 cm-1, ~1175 cm-1, 1100-
1000 cm-1, ~840 cm-1 and 738 cm-1. 
Yellow helmet, gray strip, aqua colored eye, colorless adhesive 
Yellow helmet 
Gray strip 






Figure 52 (a-b). Yellow dinosaur (TF1; Transformers; Paper Magic Group, Inc.) temporary 
tattoo on reflective slide in Reflection-Absorption Mode. Overlay (a) and stacked (b) spectra of 
the purple, yellow and orange colored regions compared to that of the colorless adhesive. 
Similarities in peak shape and location with variations in peak intensity of common peaks 
between each spectrum are located at the following frequencies: 3500-3000 cm-1, 3000-2750 cm-
1, ~1740 cm-1, ~1725 cm-1, 1466-1460 cm-1, 1395 cm-1, 1379 cm-1, ~1250-1240 cm-1, ~1170-
1145 cm-1, ~1118 cm-1, ~961 cm-1, ~875 cm-1 (except for the spectra of the adhesive) and ~840 
cm-1. 









Figure 53 (a-b). R2D2 (SW1; Star Wars; Paper Magic Group, Inc.) temporary tattoo on 
reflective slide in Reflection-Absorption Mode. Overlay (a) and stacked (b) spectra of the blue, 
red, gray and black colored regions within the temporary tattoo compared to that of the colorless 
adhesive. Similarities in peak shape and location with variations in peak intensity of common 
peaks between each spectrum are located at the following frequencies: 3500-3000 cm-1 (except 
for spectra of adhesive), 3000-2750 cm-1, ~1740 cm-1, ~1725 cm-1, ~1460 cm-1, 1400-1379 cm-1, 
1260-1243 cm-1, 1180-1164 cm-1, ~1116 cm-1 and ~1130 cm-1; below 1000 cm-1 the spectral 
shape of the different areas of interest vary.  









Figure 54 (a-b). Minion (DM1; Despicable Me 3; Paper Magic Group, Inc.) temporary tattoo on 
reflective slide in Reflection-Absorption Mode. Overlay (a) and stacked (b) spectra of the 
yellow, black, pink and blue colored regions within the temporary tattoo compared to that of the 
colorless adhesive. Similarities in peak shape and location with variations in peak intensity of 
common peaks between each spectrum are located at the following frequencies: 3500-3000 cm-1, 
3000-2750 cm-1, 1725-1720 cm-1, 1468-1460 cm-1, ~1395 cm-1, 1379 cm-1, 1263-1251 cm-1, 
~960 cm-1, ~874 cm-1 (except for the spectra of the clear adhesive). 









Figure 55 (a-b). Snoopy (PTT1; Peanuts; Paper Magic Group, Inc.) temporary tattoo on 
reflective slide in Reflection-Absorption Mode. Overlay (a) and stacked (b) spectra of the red, 
purple and white colored region compared to that of the colorless adhesive. Similarities in peak 
shape and location with variations in peak intensity of common peaks between each spectrum are 
located at the following frequencies: 3500-3000 cm-1, ~2960 cm-1, ~2934 cm-1, ~2873 cm-1, 
~1740 cm-1, ~1460-1450 cm-1, ~1396 cm-1, ~1379 cm-1, 1255-1245 cm-1, 1177-1167 cm-1, ~1117 
cm-1, ~1065 cm-1, ~1022 cm-1, ~960 cm-1, ~874 cm-1 (except for the spectra of the white 
adhesive), ~840 cm-1 and 739-731 cm-1. 
Red side of cape, purple side of cape, white body, colorless adhesive 
Purple side of cape 
White body 
Colorless adhesive 





Figure 56 (a-b). LOVE (TJ1; Watercolor temporary sheets; Tattoo Junkee) temporary tattoo on 
reflective slide in Reflection-Absorption Mode. Overlay (a) and stacked (b) spectra of the pink, 
purple, blue-green and green colored regions within the temporary tattoo compared to that of the 
colorless adhesive. Similarities in peak shape and location with variations in peak intensity of 
common peaks between each spectrum are located at the following frequencies: 3500-3000 cm-1, 
3000-2750 cm-1, ~1740 cm-1, ~1725 cm-1, ~1467 cm-1, ~1380 cm-1, ~1300-1200 cm-1, ~1200-
1100 cm-1, ~1066 cm-1, ~1027 cm-1, ~962 cm-1, ~943 cm-1, ~873 cm-1 and ~841 cm-1. 
 













Red arc, orange arc, yellow arc, green arc, blue arc, purple arc, center of pink 




Figure 57 (a-b). Rainbow with flowers (FTT1; My first temporary tattoos; Melissa & Doug, 
LLC) temporary tattoo on reflective slide in Reflection-Absorption Mode. Overlay (a) and 
stacked (b) spectra of the red, orange, yellow, green, blue, purple and pink colored regions within 
the temporary tattoo compared to that of the colorless adhesive. Similarities in peak shape and 
location with variations in peak intensity of common peaks between each spectrum are located at 
the following frequencies: ~3360 cm-1, ~2960 cm-1, ~2930 cm-1, 2874-2859 cm-1, ~1750-1700 
cm-1 (with variations in peak shape), ~1596 cm-1, ~1530 cm-1, ~1460 cm-1, ~1413 cm-1, ~1370 
cm-1, ~1310 cm-1 (except for spectra of the green area), 1084-1064 cm-1 (except for spectra of the 
green area), ~860 cm-1 (except for spectra of the orange area), ~770 cm-1 (except for spectra of 














Figure 58 (a-b). Bracelet (TTJ1; Temporary tattoos jewelry; Melissa & Doug, LLC) temporary 
tattoo on reflective slide in Reflection-Absorption Mode. Overlay (a) and stacked (b) spectra of 
the orange, blue, green, purple, yellow and pink colored area compared to that of the colorless 
adhesive. Similarities in peak shape and location with variations in peak intensity of common 
peaks between each spectrum are located at the following frequencies: ~3333 cm-1, ~2958 cm-1, 
~2927 cm-1, 2872-2858 cm-1, ~1736 cm-1, ~1720 cm-1, 1596 cm-1, ~1530 cm-1, ~1460 cm-1, 
~1415 cm-1, ~1473 cm-1, ~1310 cm-1, ~1230-1200 cm-1 (except for spectra of clear adhesive), 
~1075 cm-1, 946 cm-1, ~860 cm-1, 818 cm-1 , ~773 cm-1, ~730 cm-1 and ~690 cm-1. 










 Within each R-A spectral overlay, there were common peaks between the different areas 
of the same temporary tattoo. Those peaks had similar frequencies with variations in intensities, 
broadness and shape. However, there were also differences between the R-A spectra due to the 
presence or absence of other peaks within one spectrum compared to another within the spectral 
overlay of the same temporary tattoo. This suggests that the peaks in common between spectra 
are those corresponding to the adhesive, or colorless layer, of the temporary tattoo while the 
peaks absent or present within each individual spectra could correspond to that of the dyes 
present. Based on this hypothesis, the dyes present within the temporary tattoos are imbedded 
within the adhesive, camouflaging the detection of the dyes.  
 In an attempt to identify the ATR and R-A spectra obtained, each spectrum was 
compared to IR and ATR-IR spectra in the Bio-Rad Spectral database. For each spectrum, a 
general search was done as well as a search against all the ingredients on the packaging. When 
searching for the spectra of the dyes listed, the dyes were searched using various chemical 
names. In doing so, some of the ATR and R-A spectra obtained were able to be correlated to 
spectra in the database (Table 16). Those spectra from the database were categorized as 
polymers made up of acrylates, methacrylates (e.g., hydroxyethyl methacrylate or HEMA), 
polyurethane and polyurethane resin, polymerized castor oil, starch, water soluble acrylic 
polymers, hot melt adhesives, modified acrylic pressure sensitive transfer adhesives and 
elastomer polymers with some being classified as adhesives and sealants, acrylic and methacrylic 
polymers, polymers-polyurethane and urethane repolymers, polymers- rosins and polymerized 
fats, and urethane type adhesives.  
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Table 16. Examples of correlations between spectra in the Bio-Rad database and spectra of colored and colorless regions within the children’s 


























































N/A= information not available 
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 Even though each spectrum was categorized and classified differently, the spectral 
database results could all be used in the identification of adhesive composition. For instance, 
“[w]ater-based pressure sensitive adhesives [PSA] dominate the market of adhesives applied to 
paper. These materials are formulated as emulsions of acrylic polymers in water” (Houtman, 
Severtson, Guo, Xu & Gwin, 2007).  
     The polymer in a PSA is a viscoelastic material that is permanently, as well as  
     aggressively, tacky and has enough cohesive strength and elasticity to be cleanly  
     removed from a substrate surface. These polymers are typically linear polymers with a  
     slight degree of cross-linking. The degree of cross-linking is one of the key features  
     controlling the balance between the cohesive and adhesive strengths of the polymer. 
     (Wool, 2013, p. 266) 
 In addition to pressure sensitive adhesives, other types of adhesives, such as hot melt 
adhesives and hot melt pressure sensitive adhesives, can also be produced through varying the 
composition and concentration of components such as starch derivatives, plasticizers and 
cellulose derivatives (Combs, Bisset, Milward, & Raeiszadeh, 2015). 
Water-soluble acrylic resin adhesives can be polymerized by monomers such as butyl 
acrylate, methylcrylate, methacrylic acid and acrylic acid (Pu, Chen, Zhang, Wang & Zhang, 
2011). On the other hand, polyurethane monomers could also be used to prepare polyurethane 
adhesives, which are heat and chemical resistant. Because “polyurethane adhesives are made 
from petrochemicals and are nonbiodegradable,” castor oil can be used to synthesize 
polyurethane as it is a “naturally occurring triglyceride of ricinoleic acid” (Malik & Kaur, 2018).  
Therefore, both the ATR and R-A spectra obtained have representative peaks 
corresponding to components that make up an adhesive indicating that the spectra obtained are 
mainly of the colorless adhesive and not the dyes present. Additionally, attempts to subtract 
between the colorless regions from the colored regions were made, but the difference did not 









































 As a preliminary study, this research supports and adds to the first study done on 
children’s temporary tattoos by Rastogi and Johansen. It also provides a basis for future studies 
involving the application of children’s temporary tattoos on the skin and its analysis.  The 
composition of temporary tattoos and their characteristics were the main focus of this research as 
their determination would aid in evaluating the ability of using children’s temporary tattoos as a 
reliable tool in forensic investigations.  
The increased use of temporary tattoos increases the importance of this study. For 
instance, in the hypothetical case a missing child were found wearing a temporary tattoo that was 
given to him or her at a birthday party, the ability to link the child to the birthday party through 
the temporary tattoo would greatly aid investigations. 
One of the three objectives set at the beginning of this preliminary study was able to be 
partially answered. Although the composition of the children’s temporary tattoos were unable to 
be conclusively determined and compared to the dyes on the packaging due to the presence of 
the adhesive, based on the CI on the label of the children’s temporary tattoos in TJ1/TJ2 
(Watercolor tattoo sheets; Tattoo Junkee) and FTT1/TTJ1/TTJ2 (My first temporary 
tattoos/Temporary tattoos jewelry; Melissa & Doug, Inc.), Pigment Red 57 found by Rastogi and 
Johansen (2005) is still used in children’s temporary tattoos today.  
Based on the children’s temporary tattoos ability to fluoresce when illuminated using 
various excitation wavelengths, another study focusing on the persistence of fluorescence on the 
skin with wear could lead to the use of an alternative light source as a potential screening method 
to be used in future investigations.  
 Microscopy also proved to aid in printing pattern determinations as well as the colors 
comprising the colored regions within the children’s temporary tattoos while on the backing 
paper. However, the persistence of the temporary tattoos printing patterns on the skin could be 
further studied in an attempt to evaluate the ability to use children’s temporary tattoos in forensic 
investigations. Although outside the scope of this study, it may be interesting to follow up on the 
different types of printers used to create the images printed on the children’s temporary tattoos as 
they led to images that visually look the same, but microscopically different.   
 Although the complete UV-Vis spectra of dyes within the spectral range of 200-700 nm 
was not successfully obtained and would be challenging to compare to other UV-Vis spectra in a 
database, most absorbances obtained corresponded to the colors visually observed through 
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microscopic examination. However, this inability suggests that the chemical composition of the 
dyes could have changed due to the length of time the extracts were left to sit and/or the amount 
of solvent initially used for extraction; especially since smoother spectral absorbances were 
obtained in the second attempt to extract the dyes with less pyridine.  
 Most of the individual ATR and R-A spectra aligned well to spectra of components that 
can be found in different adhesives indicating the dyes are embedded within the colorless 
adhesive of the children’s temporary tattoos. Based on these results, Scotch® tape could be used 
as a mechanism for removing layers of the colorless adhesive to expose the layer of dyes within 
the temporary tattoos, especially as it has been a method previously used by two Nobel prize 
winners, Andre Geim and Konstantin Novoselov, for separating a single sheet of graphene with 
the thickness of a carbon atom from graphite through Scotch® tape lifts (The Nobel Prize in 
Physics 2010).  
Despite the limitations encountered in this preliminary study, both physical and chemical 
characteristics of children’s temporary tattoos have been determined. The popularity of 
children’s temporary tattoos worn by children today adds weight to the value of this research as 
the ultimate goal is to be able to use it as a tool for identification, the same way permanent 
tattoos are used, especially as it has currently began to be used as an additional describing feature 
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